The spatial, temporal and spectral characteristics of the remote sensing data are effectively used in land use and land cover change mapping, hence helping in decision making for sustainable land resource management. The aim of the study is to map urbanization growth using satellite imagery, Google imagery and GIS in Mafraq city/North Jordan. Landsat imageries of 1987, 2005 and Google Earth (GeoEye-1) imagery of 2010 were used in GIS environment to map the change in the urbanization at Mafraq city. Maximum likelihood algorithm of supervised classification was used to delineate two land use and land cover classes for the study area, namely: populated areas and non-populated areas from 1987 and 2005 imageries. On-Screen digitizing was adopted on Google Earth (GeoEye-1) imagery of 2010 to map the populated areas. The main change observed for the time period of 1987-2010 was that the urbanized areas have increased approximately by 7.14 km 2 (approximately 23% of the study area). The population density within the study area has increased from approximately 965 inhabitants per sq. km in 1987 to 1808 inhabitants per sq. km in 2005 and reached 2146 inhabitants per sq. km in 2010. The increase in the populated area within Mafraq city has impacted the surface hydrology runoff which leads to diverting some Wadis to avoid passing through the city centre. Also, the increase in urbanization in Mafraq city has put more pressures on the waste water treatment plant and solid waste dumpsite that serve Mafraq city.
Introduction
Land use/land cover changes play a major role in the study of global change. The human modifications have largely resulted in biodiversity loss, global warming and deforestation [1] . These environmental problems are often related to land use/land cover changes. Therefore, available data on Land use/land cover changes can provide critical input to decision-making of environmental management and planning the future [2] . The growing population and increasing socio-economic necessities creates a pressure on land use/land cover. This pressure results in unplanned and uncontrolled changes in land use/land cover changes [3] .
Geographical Information Systems (GIS) and remote sensing are powerful tools to derive accurate and timely information on the spatial distribution of land use/land cover changes over large areas ( [4, 5] ). GIS and Remote Sensing have been combined to detect and control urban encroachment in a way, which is easier and faster than the traditional methods of surveying the urban environment [6] .
Remote sensing data are primarily used in change detection studies. Change detection involves the application of various image analysis techniques to multi-temporal images in order to quantify variations in the state and spatial distribution of phenomena and objects [7] . GIS for undertaking integrated analysis, presentations of spatial and associated attribute data and Remote Sensing (RS) for capturing the spatial data are found to be of immense use in urbanization planning.
The main aim of this study is to apply a multi-temporal remote sensing and GIS techniques for monitoring urban lands changes from 1987 to 2010 in Mafraq city/ Jordan. Two Landsat images for 1987, 2005 and Google Earth Imagery (2010) have been used and the analysis was carried out using the ERDAS Imagine 9.2 and Arc-GIS 9.3 software.
Methods

Study Area
The study area is located in the Northern part of Jordan at 32˚20'34"N and 36˚12'28"E as shown in Figure 1 with [8, 9] ).
The Elevation in the study area varies between 638 m a.s.l in the Northeast part to 750 m a.s.l in the Northwest part of the area (Figure 2 ).
Data Collection
The study is based primarily on using secondary data. The secondary data included Landsat remote sensing data and Google Earth Imagery as data sources for derivation of generalized land-change information. Landsat satellites provide multispectral data from the early 1970s to the present [10] . Given that the purpose of this paper was to provide a general land change analysis, the spatial resolution of Landsat data was appropriate. The landsat imageries were available for this research at no cost from the Global Land Cover Facility (GLCF) (http://glcf. umiacs.umd.edu/index.shtml).
Two Landsat images listed in (Table 1) were used in this analysis of land use and land cover change; they were acquired from the Global Land Cover Facility. Also, a Google Earth Imagery of the area in 2010 was used to derive the general land use map of the study area. SRTM (Shuttle Radar Topography Mission) of United States Geological Survey (USGS) data were used to derive the digital elevation model for the study area and hence the surface water hydrology map.
Data Processing
SRTM Data
Using ArcGIS software, a DEM was created using 30 m USGS SRTM data ( Figure 2 ) followed by extracting the surface water hydrology map (Wadi) for the study area using Flow Direction and Flow Accumulation commands ( Figure 3 ). This step was essential to investigate the influence of urbanization on the surface water hydrology within Mafraq city area. This figure shows that Wadis in the area flow from West to East following the topography that characterized the study area.
Landsat Imageries
Landsat data represented the best match in time frame. In this research, two scenes of Landsat images were acquired and processed. The first imagery is of 1987 (TM data), and the second imagery is of 2005 (ETM data). These imageries were projected into Jordan Transverse Mercator (JTM) map coordinates. A generalized classification scheme was adopted in order to investigate the urban growth that included two land-cover categories: Populated areas and non-populated areas. Supervised classification was applied on the 1987 and 2005 imageries using ERDAS Imagine 9.2. The classification technique was based on using the maximum likelihood classification (MLC). Despite the fact that MLC is a statistically complicated technique to classify images for change detection, it was considered to be the most effective method for supervised classification ( [11, 12] ).
In this research, the study area was divided into two categories; populated areas, and unpopulated areas. Multiple signatures were selected to represent the spectral variations for each class. Upon finishing the supervised classification, the classes were recoded into appropriate land-cover categories, which resulted in final land-cover types defined by the classification scheme. The classified images contain different grid format land use types were transformed into vector format using ArcGIS 9.3 software. The output data were saved as a vector file enabling analysis of urban change using geographic information system (GIS) software 
Google Earth Imagery
Google Earth is program that was originally created by Keyhole Inc., to map the Earth by the superimposition of images obtained from different sources including satellite imagery, aerial photography and GIS maps. In this research, the latest imagery available from Google Earth for the study area is dated 25-October-2010 and is based on a satellite imagery acquired by GeoEye-1. Google has exclusive online mapping use of the GeoEye-1 satellite imageries. GeoEye-1 has the highest resolution of any commercial imaging system and can collect images with a ground resolution of 0.41 meters in the panchromatic or black and white mode. It collects multispectral or color imagery at 1.65 meter resolution, with four-band multispectral imaging capabilities (www.geoeye.com).
Google Earth has been used in several research including disaster and crisis-management support [13] , the influence of land use on the urbanization [14] , the use of crowd sourcing to improve global land cover [15] , landscape cover-type modeling using a MultiScene Thematic Mapper mosaic [16] , Water Harvesting siting in the Jordanian Badia [17] , and mapping the appropriate sites for the cultivation of forage in the Jordanian Badia [18] . Also, Google Earth has been used for the recent validation of remote sensing derived products e.g., the European forest cover map [19] . Figure 5 shows the Google Earth imagery for the study area. A methodology adopted by [20] in which onscreen digitizing is used to map potential land use classes was applied in this research. On-screen digitizing is an interactive process in which a map is created using previously digitized of scanned information. The process of on-screen digitizing is similar to conventional digitizing. Rather than using a digitizer and a cursor, the user creates the map layer up on the screen with the mouse and typically with referenced information as a background.
Manual on-screen digitizing method process is slower than the automatic one but it has more close results as the real feature forms [21] .
The digitized map was saved as a KML (Keyhole Markup Language) file and then exported to ArcGIS 9.3 for further subsequent analysis. The resulted map is shown in Figure 6. 
Results and Discussion
The 1987, 2005 imageries and the digitized map of 2010 were statistically analyzed using ArcGIS software. The obtained Land change classification statistics are listed in Table 2 , for the years of 1987, 2005 and 2010.
As listed in Table 2 , there was consistent increase in the populated areas in the study area from 18.6% in 1987 The increase in the populated area within Mafraq city has impacted the surface hydrology runoff which leads to diverting some Wadis to avoid passing through the city centre. However, in thunderstorm events, most of Mafraq city roads are flooded with water. No proper surface water management is in place at the mean time. Also, the increase in urbanization in Mafraq city has put more pressure on the existing waste water treatment plant that exists 15 km to the north of the study area. Furthermore, the increase in population has added more daily solid waste to the only solid waste dumpsite that serve Mafraq city (30 km to the east of the study area).
Summary and Conclusions
Remote sensing is an excellent data source for monitoring the urban land use change while GIS has strong spatial and statistical analysis capabilities.
In this research, Landsat imageries and Google Earth imageries were used within RS and GIS environments to estimate the rate of urbanization in Mafraq city between 1987 and 2010. The main change observed for the time period of 1987-2010 was that the urbanized areas have increased approximately by 7.14 km 2 (approximately 23% of the study area).
The driving factors behind such increase in urbanization in Mafraq city are the migration from rural areas surrounding Mafraq city, the establishment of Al al-Bayt University in the early 1990's, the return of more than 500,000 Jordanian from the Gulf States after the 1991 Gulf war, and the massive immigration of Iraqis to Jordan after the 2003 war on Iraq.
In conclusion, the combination of remote sensing and geographical information system and the use of free satellite data (Landsat and Google Earth) showed that it is possible to estimate the spatiotemporal urban growth.
